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CZRS8L&TCCM NEAii Friii WASHINGTON SOAST 

B-STROGUGTION 

The area covered in this paper is a section of the Northeast 

Pacific Ocean bordering the ^est Coast of North America between the 

parallels of hlx0 and 51° North and extending 600 miles seaward (Figure 

1).    The coast is mountainous and contributes considerable runoff to the 

sea from heavy precipitation in winter anc the melting of the snow in 

early sunsner.    Two concentrated sources o^ fresh water are the Strait 

of Juan de  Pisea and the Columbia  River which drain large inland areas° 

The Strait differs markedly from the river in that it is the mouth of a 

large tidal basin and is deeper than 100 fathoms for a considerable dis- 

tance inshore.    As a result of the tidal action.,  its effluent has been 

considerably altered by mixing with the cola deeper water.. 

The continental shelf, as measured by the 100-fathom contour, 

extends about hC miles offshore neir the Strait of Juan de Fuca and 

narrows to about 20 milos both northward and southwards    Beyond the slope, 

depths increase gradually t-o about 2(JG0 fathoms.    * number of seamounts 

rise from this, aeepe:.* waters but the bathymetry of only a few has been 

worked out In any oetail.. 

The climato of the region is predominantly maritijiio with pre- 

vailing souttsrssuerly onshore winds iiccomraniod by heavy precipitation 

FfOBi autumn to rfj.rin"-     In summer,, considerable air  flow  Is   from the 

northwest and north   'nd little precipitation occurs<= 
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The circulation of th^ Northeast Pan'tic  is predominantly 

clockwise to latitude iiO° North, giring way to counterclockwise south 

of 50° North (Sverdrup, Johnson and Fleming, 19U6),    The colder water 

along the northern oeriphery of the twin easterly  drift in mid-ocean, 

the *o-called Aleutian or Subarctic Ci>rrent, splits in an ill-defined 

zone veil seaward from the coast near Jt?° North3 both orientation and 

position of  the 7,one of divergence varying with tha season.    The northerly 

arm, the Alaska Current, recurves thro- -n the Gulf o4'  "'.laaka;  and the 

southerly   irm, the California Current, a<?ts ?.o\ith well off9hore at lower 

latitudes.    Off the Washington ar.ri Ore»roi Joa«ts in winter, the  Davidson 

Ourre.it feeds water northward insure.    The   ire* studied, being an area 

of divergence, is characterized by we.-i* a-in poorly -defined currents which 

are •jasily influencnd by temporally changing wind oatterns and local 

bathymniric  irregularities. 

T'>- measurements  to be rcnorte:,    in this paper were carried 

out with the Resesmn Vessel M.7n  R8C-;N  •*':.'ct  dirir.p *«ver. offshore cruises 

in the spring   >nrt siurmer .r;onths of 19<;2 and loci3<.     'because cr the antiei- 

t»teu variations of currents with time, deto mi nations of circulation pat- 

terns ty  j&najric  topographies were  3'jrolemented oy use  of  th^  Oeoroagnetie- 

51eatro-Klnetograph«     It was quickly tUsco/orpd that the 1 tier instrument 

was mfecaurlr-g  surrentfi  (or effects) very  rrucb greater than t< os<? from dynamic 

topographies, and showing a rotary variation with time.    In recent cruises 

therefore, several Mma studies have rveen itade to   Liscover the nature of 

the rotary variations, 

-urth«r evidence of the reality •>? the  rotary variations was 

obtained by   lirect current measurements "rm  m anchor station on Cobb 
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Seamount, a aeimouni rising very sharply from 1500 fathoms depth to within 

16 fathoms of the surface, and located approximately 270 miles west of the 

Washington Ctfast (to>c-U$.f>%1300-u6«,3'W). The results from two such tisae 

studies are ^resentwd in some detail. 

Another sphere of activity has been a entailed investigation of 

the outflows* of the Strait of Juan da Jtaca and th£ Columbia River, particu- 

larly the latter*    '.?he outflow of the Columbia has been traced for over 200 

milas seaward.    The position ancl structure of this long plume of less saline 

water is of jnteres*; as an indicator of offshore circulation and mixing, 

and because of the possible influence it may exert in directing the salmon 

which migrate to and from the river. 

The circuT.ation near the coast of Vancouver l3land and the mouth 

of the Strait of Jmia de Fuca has been discusned by Tally (1938, 19U1) on 

the basis of salinities and temperatures measured near the coast, often in 

shallow viter-    These measurements as well as those of  termer (1926) made 

from Swiftsure Lightship establish the direction of outflow of the Strait 

of Juan de Fuca as rorthwestward, very closn and parallel to the coast of 

Vancouver Island.    Tully farther shows the accumulation of fresh water 

along the coast due to the prevailing southwesterly winds in spring and 

early summer, with s gradual transition to a condition of upwelling in a 

narrow band alon^ the coast under influence of the northerly winds of late 

summer.    He interprets the resulting dynamic topographies as representing 

northwesterly flows close tc tue coast In early summer and a reversal in 

direction in late summer.    The latter flow, however, is overcome by the 

generally northwesterly outflow of the Sta-iit of Juan de Fuca near the 

mouth nT the Strait.    Similar concl»micu3 as to the seasonal shift in 



currants were reached by Thompson and Van Cleve (1936) from drift bottle 

experiments commenced about 80 miles off the Canadian Coast* These authors 

also relate the charge in direction of flow during the summer to a change 

in wind pattern, Seme dynamic sections along the coasts of Washington 

and Oregon are presented by Sands (1937)$  but these are too few in number 

and too close to shore to correlate with the present worko 

Farther offshore3  the circulation off tho Canadian Coast has 

been studied by Doe (1952) and Goodman and Thompson (l°i}0) in two sections, 

from the Strait of iuan de Fuca to Dutch Harbor^ and from the Strait of 

Juan de Puca to Hawrii, Still farther offshore, the Camcgis Cruiss VII 

(Fleming; 19U5) established the gross structure of the eastward flowin," 

Aleutian Current anc. the beginning of its separation into southeasterly 

and northeasterly blanches» Two or more sections have also been made by 

Scripps Institution of Oceanography3  the U. S, Fieh and Wildlife Service, 

and the U. S. Mavy Electronics Laboiistuiy, but the results are unpublished. 

To the couth, Soripi« In.st.it"* i~« nf Oceanography have studied the coastal 

currents very intensively and their cruises havs occasionally cone as far • 

north as the Columbia River, Thus the details of the circulation near 

the Jashingtcn Coast are little known, 

With respect to the CE^K^, as used in areas of weak and poorly 

defined currents such as thiSj there is little published. The interpre- 

tation of the results as currents is in some question, as is the "K" factor„ 

The apparently rctaiy current changes observed,, although indicated by von 

Arx (19$0)3  have HOT been carefully analyzed, probably because in areas of 

high currents they sre relatively less important. Oceanographers at 

Scripps Institution of Oceanography sre known to bo working en this problem,. 



Pbr analysis of the "otary current chafes In the <.ieer, sea, one mat 

turn to the  direct measurements tads from anchored vessels, the BLAKE 

in West Indian waters (Ptllsbury, 1891), the ::i:HASL -ABS (Halland- 

Hansen. 1930), the >ffiTE0R (Defant, 1932)a the ALTAIR (Dsfar.t, 1?!;0), 

and the AHFAu'-Lf! MH$&V (Ekman, 1?S3)»    fn a2.1 of these, the uncertain- 

ties due to the motion of the anchored vessel? weakens the validity of 

the conclusions.-.    Hovevpr^ rotarj   si-rrent changes do occur and these 

changes a-marently contain comuonents of tidal and inertial reriode as 

well as random flu^uations,.    The existence of rotary currents of tidal 

period In shallower water is *ell ast. i?llshed, and Oustafson and Kullen- 

brrg (1936) ha«e   iemonstratert ar Mxcel'Lent «xamDl* of inertial rotations 

in the Baltic 

.lATi'h PKOPiirfriES AND Gii-JbUUTION 

fts others r.ave s\i>r ;asted3 the horizontal <?radients of tempera- 

ture and salinity may be gsneralizt-c' in two representations, on*  :or 

spring and early snnmer and one  ror late sunsvier^    The winter conditions 

nave not been studied.     Figures ?  anr  3 show the horiaontal distribution 

of surface temperature anc surface salinity in April-May, 1953, the nets. 

having been smoothed to eliminate local fluctuations.    The riling up of 

warm surface water along the coast of Vancouver Island is evident, 

?Lgures h and '-• show the conditions in July, 1952*    Here the 

breakdown of spring conditions is iust beginning to apoear.    The water 

which ear)ier increased in temperature essentially UD to the coast is 

now showing a wide banc of somewhat cuoler rfater near th<s coast,    T*>»e 

effect is more marked 1f v-prtical  sections of  temperature are plotted, 



temonstratittfj the 'ieerease in thickness of the surface water layer m 

approaohing the coaat.    Close to the mouth of the Strait of Juan <ie Faea* 

the effect ia accentuated at uhe surface probably because of the mixing 

processes of tii.il .low as well as the tendency of upwellir    Leaver water 

to appear far within the strait* 

^Igures 6 and 7 (smoothed somewhat) show the conditions in Sep- 

tember, 1953, farther south.    Although not comoletely comparable with the 

above data because of the   51   ferent ar as covered, there is still sur- 

ficial evidence of upwelllng  in the  region near the mouth of the Strait of 

Juan de  f-uca.    Alow; the Washington .'oast south of the Strait, the sub- 

surface temperature structure indicates the orese'toe of upwelllng; which, 

however, does not reach thr- surface o-»cause of a blanketing lay^r of less 

saline water-    This is especially so in the vicinity    ' the Columbia Mver 

mouth where th^ surface waters  flowing  p*?--ward =.re rapidly replaced by 

river e*' lusnt.    ALonj   lY.c  Oregon -cast sooth o** the Columbia, low tempera- 

tures characteristic-  of upvell irv;  are a '& Lr. apparent at the surface. 

"T.gures 6 and 7 also show the first results cS n detailed study 

of the Jolumbia River outflow.    The plume of water having a salinity less 

than 32oO°/oo '9 seen to extend c*ver IOC miles to the southwest.    Asaocl= 

ated with the lo.^er salinity is .    somewhat htr.ner temperature,     fhe pcsi= 

tlon of the wake stream is ?n itself evidence of the'generally  southerly 

set of  the cxirrents in this rwgior during the summer.    At the velocities 

indicated bv the dyramic topography for the general area, the time re- 

quired for the water to travel to the outer limits of th*  32°/oo isosal 

is  of the or-ier of cm- to two months, ana hence  tne  position of this limit 

establishes a minimum value  Tor the  integrated currents for at l*ust this 

period: 



The processes of nixing in the wafcs straa.* Siave not fat b*«*S 

examined.    However, there is some interast attached to tha abrupt ciiange 

in salinity   gradient seaward of the 3io0°/°o isosal*    In essentially all 

of the ares between this and the next isosal, the anrfaea salinities are 

greater than 3io$°/u0 and mostly greater than 31-70/oo« 

The   lynMnic topographies within 300 miles of the coast have 

been quite consistent in all the cruises a- sly zed,    Since only Cruise No. 

7 in July, 19529 wont as far offshore as 6co milesr data from this cruise 

t»rs combined with a composite of all the  others to obtain a generalized 

diagram ''or the- area which is presented as  Pi^ire 8,    The curves south 

of U6°-30s  are based principally upon data  fror   -mise No- 9 in early 

Ssptemberj, 1952,, 

»opeariii,;  generally in all cruises are the lower dynamio heights 

to the west of about 130%% correspondinn to northerly or northeasterly 

flows of s cm/sec or less.    Corns changes in gradient occur in -iifferent 

months but the general oicture is little altered except that the contours 

seem to teTi.   more nearly northward ir   the aarly summer., as tfculd be ex- 

pected from the meteorological conditions^     Also aopearinj   in all the data 

is evidence   "or & deflection southward of northeasterly flowing stream- 

lines in th'-* area between 128° ana 130°W and U?° to li9°=30'N*    The data 

of bruise N'>,  '-} indicate that this flow continues southward along the 

Washington Coast and is probably responsible   for carrying tlv? Columbia 

stiver water southward,     rhsse  results are consistent witfr  thr.&t of Doe 

(19?2)„ 
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O.E..JC. RESULTS j>WD TIME STUDIES 

Early in tie investigations, it was discovered that apparent 

currents measured hourly by means of the GoE.K. along a cruise track 

showed continual changes In direction and magnitude, suggesting the 

rotary changes of tidal csriod observed at lightships o These currents 

typically had peek values of 15 - 20 cm/see and occasionally as high as 
j 

3? cm/sec, the correction factor "K" for the G.3,K=. being taken as 

unityo To be contrasted with thsse are the velocities below $ cm/see 

determined from the dynamic heights„ Tidal periods could be found in 

the data by harmonic analysis, but the amplitudes were only about one- 

fifth as great as tho observed peaks« Later it was discovered that 

inertial periods were present, with amplitudes of the same magnitude or 

somewhat greater than those of tidal period. The inertial period in 

this area is approximately 16 hours. The harmonic analyses of these 

iata were interpreted with some reservations due to the fact that the 

ship was rapidly changing position «md to the evident existence of appar- 

ently random fluctuations of considerable magnitudea 

In order to derive the residual non-fluctuating currents in 

this situation;, the data have been calculated as ii8-hour mnning means, 

LO hours being the l{:ast common multiple of 16 and 12 hours- If tidal 

and inertial constit\ients are present, they should disappear in the 

averages together wi;h the greater part of those cf shorter and random 

perioda. This in  admittedly a rather brutal treatment, as any fluctua- 

tions in the residual current are severely smoothed thereby. However3 

it has served for the preliminary investigations^ 
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A serious disadvantage is the fact that the ends of a continu- 

ous series of observations may be approached within only 2\x hours by av- 

eraged results, and hence any lengthy break in continuity of the data may 

leave large (taps in the results.    Twenty-four hour groupings also have 

Ven tried and are found to remove moat, of the fluctuations and leave 

smaller r^aps*    It is ©referred to use U8-hour means where possible, how- 

ever, since the results will be less ambiguous. 

The results of 3uch a  treatment to the data of Cruise Noo 7 

are shown in figure 9.    The large gap in the   iata on the northern leg 

of the cruise is  due to the break in continuity occasioned by a short 

stormo    Twenty-four hour means, however, show the residual currents 

setting soutn to southwest throughout    cat of the northern le? with velo- 

cities of  the order of 5 to B cm/sec,    A comparison with Figure ;? shows 

seme similarity of G.E.Ko means to the  iynsmic heights along U8 -30'N 

but none whatsoever along 50 -30'N<>    The current oattem is also intern- 

ally inconsistent,  requiring th«3   •xistence of a region of convergence 

within the area surveyed, an Improbable situation0    -£t appears evident 

therefore that  the G.EoK.,  in thl«  region,   loes not alwa-s   leaaure the 

long-tern ^vera^e  flows associates with the  iistri.b .tion of mass.    The 

converse might be true ir. regions where  str<ngjr currents are founds 

It is oostolated therefore  that the currents measured are 

shallow wind-driven currents oi* short inration.    To test this hypothesis, 

average wind vectors have been nl^ttf r> alonr the course.    There is reason- 

able correspondence fionc h& -303  assumin-  the resulting  flow to be US0 

to the ri»ht of the wind and lagging  it C/ ?   (>ew hours,     in the  northwest 

corner of the surveys   there appears to be w   incoruj istency.    Howevera  the 
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northwest storm which appeared two   lays later at about 13^*^ longitude 

may alreedy have been dylring water well Ahead of it.    Along 5C°«.30*, 

the agreement with ?U-hwr average currents  (not shown)  is  good. 

Thes*: results shoved the necessity of makinr  time studies 

with the G.£*K.    The   first- studies,  herein  in .Tvne, 19">?, were about ons 

da" In length and were mace by steawilr<- back and forth over an 6- t* 

16-mile course, obtaining 'i.S.K.   fixes ?nro:te,    Hydrograohic stations 

to laCV"*0 meters dent*: were oe«rin1«d *t intervals of 2 to 1? hours in the 

several experiments  In ar. atte~ot to correlate the results   T'th the dynanic 

he'tghtSc    Hotary changes in current direction vert   peadilj   tenons* rated, 

but twenty-four hour per'od? are too si-rrt  for e!.Y^3tive h-imonic 3np?„ysis.i 

Two J?XT. ri>r»ents of  3 to U   Jays'   lurstion  <ere therefore  mie in Jne and 

Au^'.st, l'i3t Cruises No.  29 and 31,  resrectively. 

LR "ruise Ho.  2?, the ship stee.rr.ei backwara an-J -"orwaj-o two 

hours'  run jn reciprocal headings,  taking Lfc-K.   fixes every hour together 

with other nnta.    Positions were f'jred frequently b: loran, snd ,ij srop.r&phic 

stations were  occuni1 • anoxit jj«rery 12 hours.    Some  !'9*lure*  ir e'-y. Ipnwnt 

V-ing   jre-"*   'or coro]i3ry •rtpas'iremonte cs-j.-eci severs! ar-dasirabl;?  it'irge 

i>a'>3  in  the   *.ata, Vt fche  res^I&s  =»r«?   only a Jittlt2  \*--~s Cf»v.«' it* ^t than 

thsse to be orese-ntf-   below. 

n  ,;(*i i8f-    -Oo   31,  tr»   cn>t«*r.        j.r,;   was   t, 9 
i-     a . ^ - f,^. <" 

by fir.  Jcse'ih   teid • •    "-or^r-i>«   . :v»t!bi t.;        .;   ->ceai rv.ra ••*.«',   -    ti '•'   the 

?hip stt-amea square? •»! t^n    ar"."n-?.l  *'• •!••?>•.? ^.cad'i.^s, e-ish .-'•"••-    si^v. 

ar- jroximatel'j   ? mir e*'   nut,    Thi? 3  *"ix i«  coT-a^r^d every ''   linutes, 

th^re  i'i4lu{'  so1**-  Int rrt-fpendSTics  li; the measnreme"ts '-:. ••^••s- e>c^   riatnm 

enters  Into *wo  •:'>•<*    acd  tw.  r-ero rtetermir^t'ons*     "v* • ba?    ir*-Wd 

-lO 
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experiments of this type In which he has sisejitaneoualy foll*A»ed a freely 

drifting buoy (personal coranunicatian).    An attempt to do this with ar. 

Improvised buoy end drag was abandoned after the buoy lost its drag and 

was itself nearly lest at night during a radar failure. 

The results of this experiment have been expressed as north 

and east components of velocity and are presented in. Fibers 10..    K has 

been assumed to be unity and corrections have been made for electrode 

droop*    The results are surprisingly consistent and have given rise to 

a renewed belief in the reality of CcE.K. measurements.    The 16-hour 

inertial period is evident by visual inspection,    Much of the distortion 

is due to other corronents, principally the semidiurnal,    Some smoothing 

has neen practiced out there is difficulty in deciding which fluctuations 

may be x\.al and which du« to experimental uncertainty.    Doe to the inter- 

dependence of separate* fixes, errors often appear symmetrically in alter- 

nate or adjacent points.    Moreover, in some cases the record can not be 

interpreted more accurately than several tenths cf a millivolt,, 

In correlation with this experiment, an anchor station was occu- 

pied for the preceding three and one-half days atop Cobb Seamount (Gsii Pig" 

ure 8)s    Here currents were measured at 20 inters deoth with an Ekman cur- 

rent meter every 3^ siinutes; and temperature structures were measured 

hourly by bathythermograph*    Bathytharmosrams were also obtained hourly 

during the time studf with the G.E.K.    Three hydrogranhie stations were 

occupied at corners of a 30-mile square about the seamount to obtain 

dynamic heights <*or somparison.    The time study with the 0«E<,IC. was per- 

formed in depths ranging from 1,500 to 600 fathoms and between 30 and 

I'J miles northwest of the seamount.    The ship drifted south during the 

period-, 
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The direct current measurements also show rotary changes con- 

tain! fig tidal and inertlal components.    The basic periods ar* lead well 

defined because of the motions of the ship, bit these motions are small 

comoared to those of s ship anchored in deep water.    It Is assumed In 

these two experiments that thf*re should be s- me similarity in the currents 

or. 9 sharp Isolated seamount to those in the adjacent ieeo water.    On the 

other hand, considerable distortion near the saetiount would not be sur- 

orising. 

The results u? harmonic analysis     *e pjlven in Table  I, for 

both the  tlreet measurements ana the *>*£•£.    Only the 16- and 12-hour 

components are consi lered of  primary imo-jrta'ce, b-it the higher harmonics 

-ire presented to suggest the magnitude  u* tht-  a:r,:->llturi«s which could re- 

sult  from random  iata in a series of this lengths    The contribution of 

each constituent is  assumed to be expressed    n the  form 

vn * Vn cos  (» - Kx; 

Yfl S 7e cos  <9 - Kg) 

where v    and v    arc the instantaneous  <ra.luet< of the north and east cempo- 

nents of velocity. Vn and Ve are the ccrresocnilii;', amplitudes.. 9 is the 

time angle   -f   tlvs Constituent ana &•,  ana K.p are  the local epochst the 

negative o'"  the conventional  phase  a ;tflej t'f   origin of time bsine the 

time of local lunar- transit on the  rrrst   ta.v  of the anchor station. 

If K<5~K-j  expressed ss  u   inrlt less than 180° is   positive*) rota= 

tion of the aarrent, v? :tor with ti"*= is clockwise*    In   -articular» if K^- 

K-,  - 90° ana Vn " V^^ the current hodograjn  '"or tr«-. ronstitne.r'.t 1s s circle 

iT^oretlcally^ ei rcula" 2han,^ec  '.re to oe exacted  ':• the inertial coan- 

pont'nt an 1 generally elliptical changes   'J. tir.« tidal components 

-1?~ 



It is svi<•o.'it t'n,<t :<ior;&   ••'   ta^ ention  1r: accounted pos  by 5r»rti.al 

and semidiUiiaal constituents,* the  '>.nr*er preponderating-    The diurnal con- 

st Itupnt is probably of significant magnitude*, bit the others are question- 

able.    Tht» "hpse "ttf'ference between north ani e-ist components in these 

threo   -onst'tuents corresponds  to clockwise  rotations, as weald be expected 

f,rora the deflecting iorce of the  earth1? rotation.     In the inertlal con- 

stituent, it is vory -early $0° for both th« direct :ne inurements nnd the 

GoE.K.     In the 3.S.K,  r»snlts,  tr-   two a"">iifcu tea ^re essentially the 

same, which satisfies the condition  ""or circular rotnt'on.    furtner de- 

ductions  fro'o ty» nhrise relations vlll be  atte^pte-5 at, * later date.    The 

amplitude of the semiriiume: constituent or Cobb ^<;>jr,ount 5s about 1? oer 

cent   '.rts? ti an the J.E.K. results,  ahlch   is the sa*?*  as  t!"se chanf1^ in the 

mean trial reive  Tt Astoria  Jurin    the tvo rerio'tSj    The ch^n^e  In the 

inortial comoon^nt may arise   'rorn jr. increase In average win.n velocity 

from about !? to 20 Knots over the  saw period. 

The results of the ti.ie.  3tun • in June,  Ly^3, are shown in Table 

lie    Although the amplitudes are smaller, ty* relative importance of  the 

16- and 12-hour constituents is •=? <• : irtei.    This experiment  *?« carried 

out  U ii8°~02'N, 130°-29'^j  anu by chance  during the timt    tu ly, the  ship 

drifted over ana charted p r>e*  sea<nount rising  to «» least   iapth of ?80 

fathoms*    This shallowing o?' the  *8!-< r may nave hs.: some     '"feet ur.on the 

G.E.K. 

~n*r  possibility exis*s   th^fc  internal waves   »f ti lal  ~>n<1 inertia! 

oeri"-'  (»1vp   r^fsp   to the current*:   >r effects   ^eo«<   re>i bv  the 'j.E»K.     This 

r   5 r-een inre3t~. ated by a  sti :•    • '   the bithyth^rrao^rams to!:e-   to <•   lerth 

of fi'iiO foft-.   Jur4; '•• • i.Ki  ti~'  sir- i.v   of   -n >sa \o.  31*     internal -waves occur 

•I?- 



with amplitudes or tie order of 2^ feet but with oeriods poorly defined. 

Visual examination suggests six-hour and two-hour perisis rather than 

those O
T

" twelve or sixteen hours,     It is felt therefore that, these in- 

ternal waves are not a determining influence on the G.E.K.  results^ hut 

that they possibly account for sow of the abeiTations and short-period 

constituents. 

in Table III..  th« average resl iua3 current calculated from the 

three t ime studios  i 3 compared with the dynamic topoeraohles and with the 

approximate drift  cf  the ship as ieterminoc oy   usviations from the courses 

run, measured by loran ^ixes,     Lti  bruise No.  29., the G,E?K, compares well 

with the irift cf the chip but not with th^ -iynanic topographies->    This 

was in a rer1od of V.'..<»ht winds in which the ship mi^ht be expected to 

move wio'i the water.     In Crui -o No-   31>  there is little agreement,  possi' 

bly because the winlr; averaged 2<j knots  from the north.    However., the 

direct current measurements compare favorably with the dynamic topographies 

close to the seamount      Farther away„ the velocity and direction derived 

from the topographies are extremal; uncertain a~>d arc- not shown.    In seems 

well established therefore that the rotary changes observed by the G«E,,K; 

in deep water have. th«ir counterpart  ui the direct measurements of cur- 

rents. 

C'JipLUSll-NS AND SUMHftKI 

The water circulation  :»f*   the  coasts   ?»' Vancouver  island,   vash- 

int;ton ar.d Omgon in  late .vorir,-, ar-.d gomm-r rifts 'r->en stu riled by raeaus of 

dynamic topot?raohios  ani the Q.-'.i,K.    A -riot-are  is   presented which  nils a 

previously existing gap in the  information  '"or the central   &?£•**     The 
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relatively flat dynamic topographer is especially sensitive to transient 

conditions and experimental error- Nevertheless, the topographies con- 

sistently show a weak northeasterly circulation at 5 cm/sec or less, part 

of which is deflected southward off Vancouver Island to continue along 

the coast past US   Sortho This circulation pattern Is consistent with 

previous work in tho adjoining areas, and with the assumed divergence 

of the Aleutian Current beginning well offshore around h$° Worth- 

The Q.E.K. has been shown to measure apparent currents which 

rotate in direction and fluctuate in intensity. The peak flowo are of 

the urdtji- of 20-3P cm/aec which is several times greater than the net 

flows. The rotations contain semidiurnal end inertiai constituents, 

the latter predominating., 

A time study in direct measuren^nt. of currents or. Gobb Sea- 

mount, 270 miles offshore,, has been compared with a similar time stsdy 

with the GoEc-K, in the adjoining deep water, Harmonic analysis of the 

North and East components of velocity has prodvcea amplitudes of 7-31 

cm/sec for the semidiurnal constituents., The relative differences are 

the same as the corresponding chafes in the mean tidal rang& at Astoria 

during tne period of the measurements,. The amplitudes of the inertial 

constituent were 9 and 13 cm/sec in one case and 22 «$ ctg/sec in the 

other^ a difference ascribed to an abrunt chango in wind velocity.. 

Another time study with the G<E:K, showed similar results, but smaller 

amplitudes.. The combined results suggest that the currents being 

measured by the G ,-,£.. K.> are renls This conclusion is supported oy the 

published resuitr. of current measurements nt. several leep-sea anchor 

stations which snow similar vnri'itions.. 



'£!••*> r.v.t currents obtained by .werapin••   the >},E..K,  results show 

little norrespondenes vith those indicated by iiynamiR tomographies •    the 

'ormer probabLy represent short-tens, tjuri'ace oiyrents due to the wind; 

whereas the iynamic topographies represent intonated p^ficts over longer 

perioaSc 

r« jonelu«!sn- it. s« ?•.-;-estcd that prcgrose in the Intorpre- 

taticr.  <•':' current? in this  are*  require? -? tetter Insight Into the cause 

and rnt.vre oV  the transient sur"ents.     P'.*e il L K. should be useful in. 

thes^  studiesp but *iust he  ''urtlv-r *•:- '.^lusted  ir terms of   -^rvct measure- 

ments,, 



.-   OK•jman*m»«M*xxar*w »?<•-*•* -•-o-'^wrAiWu* wft1l».?lw»s*» SX*S5.>^P"35KSa*!^raS''OT"' —»'*'*"**-*^?*^S8 
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by O..E,K 

7      10 MV.9 19*3 

Period^ solar hour 

Amplitude 
cm/sec 

local Epoch"-. 
>< ,  In degree? 

X TT;~I r OB- 
m 

* The constltuanta are expressed na cosines;  and Vi  la 
the positive anffle iceasureo ffrom the tine of local 
lunar transit on ? June to the  time, of constituent 
maximum.. 
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